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I. lifiGiiitiQi 'WPiri^ •'•PIN ^Mv#* 
ftm e^imtim ®f »si®ar aai fiijwieal frqp«rtl«s fesiessei '1^ 
•Sreoiiia Mttoia it m wlmM# m%9ri&l im use ia the eoiiitraeti<« of 
nttel««p r®ft®tara» for tterwil aentroBs, th« afes'ijrpticai er<^» a®etic» 
mt 8ire<»iB« smy b© &hm% 0#20 Mn® (1)« fhis abswptism @p®S8 8»e-
ti'O® is less tons eoltiaMtia a»d ste«l, mlf twiee that ^ al««i!iia., 
tettt t&ety ti»es that ot l»rylliiiii |a)» The lii# wsiatas®® to eer-
rosiw i|tt«ek' % #f®eifie ageata «ake« it mefvH f©r heat tii«sf«f•, 
sufae#® in ®«t40t with pil® eoolaats# Utos® |»j^qp«rties, ia additiim 
to tto® faTerabl® feats?®® of 8t3f®aftli, diwstllity aM nalleaMlity, 
ei«S(i»3mg«d 4ei»®li^»Eiat of »tli©is fop tfc®. prcdtt®tiM. of par# airemitta 
iMttal whlek ii«li 'be «®p» «0«»0*i®«l «»§ mt® yeaiily ajcpwaied to -a 
larg® seal® <^@rftti« tlsaa proe«»®«® earr®atly ia is®. 
iafni«n, mmta Sm the ore and liaa alailftr obaaicsal prop®?* 
ti«s, ia pmsmt ia all e«««®reial simmlmrn prMmM by i«tbods mat" 
raatly in we« fbe bafitiw t»t®iit 'xmg®® firc»t to tlt»® p«r e«at 
fer airemiiim proimeA ia tte® ®»itai State® • fh® abtirptioo ©rw® 
seetiffiB of iMifBiiw i® about' 1©1 Mm# for tiieraal aeiitraas (3). PricMC 
a®par8tioii dt haf»iii» fpo« the sfir&mim bofor® Ming the. astal to • 
»«el@«r ir^aetiT® is ctovioiisly Btoessai^-. At th# Mas Satb&mtoij of 
itti® At«Ri® iMrgy 0OM»ii®i©B th® bafaitiffl ia wacrrod by paaaing a i»tha-
aolatioB- of airoaaiW' tettan^arii® tbroi^ a ©oImmi pioked with 
aetimtsi silisa §©1 wfeldk prefemmtistlly aisorbs th« hafeiti* (4)# 













II, wMtm w fii 
i»r««lta0 Cf) ia 1$2A rffiAaead fot«#s4a»»iireeaim flmorli® with 
soiitttt '^taiaei tm- th® f.Jjpat ttiw a aireoaioa p0»d«r,> pi*«^fely 
mm%lj 1mm esci<i«» fyo<mt (5) ®i^le^®i the anthei <# ipeia©i»g pa®^8 
siretMftiun t@tnohierid® ifil^ &t S'OAim aad ir@dmetlo» of 
s^iutt tlnmixmm%» with al»|jiw i& 1^5* i«»«3.im8 nmt 
fr&m% wii® a p®r« *tal 4i»pl«|rei B8ll#ftt»iltty a®i emrmim 
reststaaee, 
IB lfl4 .l«ely «ai laii^ypr C^) 'ebtalasA m. iaetll® 8lre^«» ttirewi# 
%h« r®aetl« ®f nireeniaa tihldrli®- wi%U geilms ia a sealM pressw® 
boi&» % ©sortfiil e«atrol th« teapeicmtw# §mAim% &M rates cf 
formtion sircoBiBa tatraefcdorM® mmo *4« fey treatiag airo'caiiioffli cbeM® 
with dklmim latwatei ulth mrhm tetradllapide. fh® sire«iw 
c^lorM® vm a e«faet d®i»e mierial whieh did aofc tm&% warily with 
at»ospli®ri0 »0l#tiipe* 1 wlxt»« ©f th® iilre<mt» ehl«id© and soai«» 
was flaeci ift th« hmsh l>etii«@tt lay®». eff 80diw», fh® 8»al®i boib was 
h®at«d t® i»itiat© th». r«a®ti»i« S»r»« attalli® pellet® of aireoiliaffl 
ia th® proittet war® a^ijaratei hy washlif with e«Be»iiferat®4 hySredbl^ie 
aeid or eo»©®atrat«d nitrie aeM. fimXlj th® »Btal was wasteed ai^ 
drl«d with wfanlo selwat®# fh® f©ll®t8 e<»ld b® pressed Into a rod 
ar »ltei in aa •laetrie faewaa fnime® to glw a ©o^et aetal which 
was praetic®tlly par®, mtf imetllei awi r®®lstaat t© attaek by aolis 
and alkali#®* 
iy th®rwkl d®«©»positiQB ©f «lre«itt» t«t»iodid® on a heated 
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my h@ 40pmiteA with the airecmlm, Alwiaw,- siller, h«a?cai, lr@» 
and tltaiiittB &m aot b® mmmBi trm ziT&omim hy thi® mtheA^ fh® 
d®0«wp«Hiitl<m iwthcrf. it ll»lt®i % th® amrm ©f ©i«ctrieal ©*»• 
r«nt awiMble, slac® a rod @ff strooaim appjf«Ki»t®Jiy 1/1 la^ r«M«wl 
m ©Bwtat ©f 100-.2C» a^«s^» for »sistaa@« htatiag, to a&ia-
tain the proper teaperatmr®.- Meat iissipmtiea heems m with 
^iek wires asfl, heai»y iwrreats aa th® reaetion fotidmt aeeiawtiatiis, 
fke ilaeral Qmmw pv^nma tireoalii® eawtrei&lly by th« ioaifie 
nsthoA. 
fh«f prDdttctiai Gi i«ss fme ilreaiiiai hy rtdueticm af iireaaita 
t^traehlorii® v&p^ with «©ltea «sfa©«itt» ia m h#li«« at«®ii>h«r# has 
b®®a d®s«rib«i by C®»9flO)« Zlmm BmtA, nhieh is Med as tiW' 
atartinf wtterial, is o«tiwrt®i t@ siire0®l«« cai%ii® by ftisiag a «ixti»re 
eC 8tr©<® aad p-apkit®' la a® are or reaistaa©# fmemm» fhi»«a# th® 
reaetitti witii ^orii®i at alewtei t®ip«»tar0® a m^® sire«iim 
etolwii® if afetaiii®d fr« th« earbii#. Siliem eh3.»ide is TO«iov@d by 
using a ®©M®nser heated t© 100 e#atiiwiil« for i«f®iitioH ©f 
th« aire«iw« ehlariie, Pwifieati^i of th® ehlcsrid® ia. • aeco^lishsd 
by. sttbli«iti<»tt i» a hydro^n ata^spher®, whieh r«»wes «ii®s, eas^sai 
ani earbides, and ir«ft. In th® »im«ti«ai step th« airecwiw tetra* 
(florid® is MibliMt«d to maet solten mgnesiw i& a helittit 
atmospti«r® fop^ag lo«p giretaaiw ai^ mgmaivm Th« ®xe«s« 
»agiieii« aad »ga«siia <shl®Pid® ar« reaeirei by distiHaticm at 
885 i®p^«a eeatigpptti®, fh# »ire«iw spoag® ia eonditimisd *ith 
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fnw « proAmt whiA «©a® myg^n in solid ®®2.atieii, K*® 
setallie prMnet was fw^TOsily efe%aia«4 as fia®ly diviiei <» e®l« 
loital partieles, Eleetr^ysls of an aq«»oos solatlm sdf zireoigrl 
sulfate was *ost s«@e®ssfttl for the tiettrowiBttiag of airecmiw tvm 
»Bdia. fh® pmt eh««iesl rtactivity M smeh Biremim «<S 
the stability erf tts® air@'«as^l im ©ff®r little hc|3S far ®l®«trolytle 
s»tlsoi8 witli «qtt«oa# eoliitioBs, sin©®- tb» loser mM<» will aost 
fsaftWklly to© forwii. 
fhe ^tiesl mA eii««i®al p^opertiea ©f »t*llle tiremium ar« 
mrtedly by th« preteii©® of saftll aw»ts @f e®.rliiift ii^arities, 
tii®se @ff®#t8 stress tht Ibiport»a@® of prM^eiog siyeoaitta mS'tal o£ 
«xtr«»ly hi# pwity, fii® fea«ti« ls®ts«#n .siire«iM» ataospMerie 
ga8«i at #l8f»t#4 t®-i^»tw«s f tmm s«lM, sol«ti<Mi» Fast (12) m-
psr^ ttot »iree®itt» dissoltwe ttp t© forty mtmie pmv • sent <syf®» 
«itlb«mt th@ ftfiMazwBM the iir@«iiint' mMe iitrogen also 
ferw. i^ii «0lttti©ns witife tli« »etal« fh® fr«»eiie« of these gases 
in solid ssilmtiett witii siremim the wital teittl® 1» the 
ftat®, Eijre<aitt« soutslaing <ayg«» in exsess 0,2 per «®3ftt liy 
weight mm s@ lowpr be e@M rtllei «ai shews a «rk®a inerease ia 
hftMBSss mcmAim (IS), th# dt sir&mim 
mUl Ms B&mtims been wed a® » «•»©»« @f l^e «ygea ec®t@Bt 
the mtal* 
Sir@«dwii »®tal to b®^^lii•®i in aacleisr reaetirs *0t be of v»ry 
bi# pwrity, Smbatsnses wMA iaereas© tli« bai^aess too mek »i»t 
be ex0liia«d* In «aiitio» the »»tal m@% not coataia i^arities .wliieh 
ijier®ai@ the abae^ptiea of nm%tQm tst iaereatt of e&prmim* 
la ^mml, wital of pwlty to wl^staaA ^ e9ifp®it<« t#8t 
*ill aitfdate attele&r ppi^srfci«s, althaa# Ifeis tli^Laatea 
ei emrmlm reslstaae* igr allying witt 
eerfcain Si» speeifle t#8t (1) f&e emrmtm. fssistame© «f 
*ir0«aaltt» @««ists of i^rsi« Sa iaaatated wstti* h«atM t© 
31.5 4e.fr®es ®@atigyai® in • sealed baife. eimagt in waight^ 
fabl® I 
toftlj»is ^ Mm-Qmrmim tlvemlvm 
llawAt Iff • MbJkr p«p.«. 
fa 300 Q m 
fi 100 § im 
m m Si w 
I *m @a <10© 
exp^asad in »illigra«» par aqwra eaatisatar far is %alt»& as 
a aaaswa «f ©cirr^iaii raaiatasaa# fhas# ®®iitiaM @t tha taat 
appr«iMte eMAitions wl'^in • iht nmXmit mmt&e with natar #ool* 
iiig a»a' th® tafiria® ®'«aiti^®QS. to b® «p®a^4 ^ aipeaoiw- netel, 
«f th® airessaiw aetal nm ppoitteai d^s aot shmi aaffieiant 
®iwp«ii<m i^esistaaa®. fba diffarane® in prepsi^ies Imimmn 
saii>l®s is attritemtai't® ttoa frasaae® «f aartaia iiiswitias, fha 
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f©STOWS elil<»Me whioli bthlnd. Qiatmdxm is litowise TOaoved as 
«^rc»tQiys fh®' Bwct&m is k@|»t &hm@ d@g]*«es 
0®iitlgi»i« t© fiTO a i«iM® for® of $lrc<«itt« t@%i*^lcrii® • and to redme# 
eoBtaeiwti'cai by »»• v©latil© silicon tstraehl'^ii®. Th® intr'odmc* 
ti'Cm of imparities by ©wrylE^ ia the gas strestt of ziretwaiua tefepa» 
ehltsrid® during the st^llMtiia liaitjs th« degre« ^ parity which ca» 
he <itotain«S« 
fh# preeipitat© sireaBiaa iali^lat® fcr»si hy the additi«ai 0f 
a soltttiea ^ antsoimi salit^lat« to aq»<»s aireos^l dilorMe is 
solttbl® in dilate mmmlm hydrasii® (15) • fh® iasQlnhl® hydrcsKiies 
m hydrous aeides, ««eh a® aliaiBW ire®, eaa ht reaoted by filtra-, 
ti(m« Ii0iiifi®ati0tt with hydroAlaric acid repreeipitates the isirecatiittii 
salieylate, which eaii b® ignited to a frtir® air9«Bi«a offltide., 
StowroKS appli@atl@i» of the f®fi»tl» of zireoi^l ohlspide erystala 
in separatiais and pwifieatiosas of zire^im ha-*® beea reported (16,17, 
18), Iire®^l ehlorid®, grOClg'ffigO, is readier selt»blt t» hot hydro-
©ia»ie aeid. At a <s<««eiit3?»ti« ^ fc^rogeji Gloria® of 318 grawi' per 
liter, airera^l ehlcrid® is least solabl® at rooi tei^mtore (1?), 
a® dtereas® is tolnbility of ziretai^l ehlwide with the additi« e£ 
hydroeM-orie aeid to at«®®is solmticms of slre«^l florid® or the' 
ohang® in eolttbility irf airewgrl ehlorid® with te*perati»re has been 
osed for the sep&r&tlm of ery®talltoe zire«^l diloride ia the pore 
state. After filtration the ssire«Hyl ehlcride srystals hafe been 
washed with hydro^lorie aeid, Th#' condition of hi^ aeid e<®eeBtratii« 
-11 
'in heated a®latla»s requires th® me &t ®|»eial ®qttip»®iit in the con-
e#Bt»tl<ai ssa eifystallia&tlca ©taps of the lethofl., filtratitai mA 
washing g£ airesi^l shlorii® eijstals a«st also avoid farther e<m-






































*i 11 I °  i 




^ I I -g 
I  ^  




























« 2 I 
I s 
I i 
i l l  
t 
1 . 1  
e 
s 
^ I  ^  













i ! 5 



















































































































































% -  d 
« 
i 5 4^ s I iB 
% 

























m t* If » m o 0 M. 






















o • . 
11 
t 
s I. O g' jy & 
?± 
^ I 
^ O -$3 ^ M g-





















































































































































i i i f  
} » 1 1  
% a % ffl e 
n i l  
® g « 
I i 11 


















# ^  













































































© I % 
t t 
I I 



























«»i alkali aetalf* fht© br<al€®s am! iofiii®# 
are %<&& hygroaetpie antf the Iw p©re@»t«i« ®f »tal in 
tht is a 4iaaiwBtap># Wtm mm dt bromiiea me r«<|ttir®s 
th® liistallati<» oi etpipHeat to^ Tmmm th® halo^a .froa Ito© slag • 
f&t v^eMn$ ia th« pjfoeaas# &ia ©eoafflait faet» is alao a dis-
aiwntafi «s»oeiJit®4 iiith tli« »itt®tlai &t hvm^m mt iofliAes. 
TImi fr«« emr^ etoange aas^Jatei with th® b®t»««B th® 
@<a^®a»a the aetal to ^ praparM ani tht redmeing agent partially 
d@t®wil»®i th® a*ailahl« »tepials f«p wi® i» th® reiaetion dtege* 
Data ar® g®a®rally not availahl© for th« free mm^ dt foraation of 
eoip®wi3i.s at th« t®i^®»tar©s of th« r«aeticffl» A naeful •^iricail 
MlatlMihip it amilabl® in th® stsaiara «l®etro»otlw forte wines 
far aqtte«tt« solmtions# fh» »etals lowest la th® ««ri®s ar® gewsrally 
prMaeei met» mem&miml »th.€^® thm th® hoah H®th«^* The mt&lB 
g@mmlly ptodm^A fey a reim©ti«B maually li® i» th® region h®-
tmmn atine asi al««i»«i» ii» the s«ri®i. fh® ehoiee ef a reimoisg af®iit 
f®p the prepafaticm th«g® iwtal# is a h«ib retoetloa Is liaiti^ 
to th©s« iat«i>ial8 ••iihleh »ill ftiralsh a faverahl® ihaag® in fr®® 
energy in th® redwtidft r®aeti«ti# f«r th® reiaetioa to Mtals 'Whieh 
li® in th® mgim h®^®«a ala® aiA almimm ia the eleetroaotiw fore® 
8<ii?i®St th® awl3Uihl« redmoifif ag«nts iatlai® th® altoall aM alkaline 
earth wtala, mgiwsituiy aM aluKLran. 
3^ th® «®f«laj»«eiit of a ©o*»rei«l proe#s8 im ^® proiaetiw «f 
a aetal hy r®imeti« wthoAa, th» «ec9i-«»ie faetort gmrewi taie 
ehoie® mmg m&fvJL mincing this ttstiallj liaits th® wtallic 
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choice ia most generally made on the basis of the interaction nith 
the reaction mixture and the undesirable impurities which become 
associated with the metal product. 
• 23 • 
lf» lASSlAI^  Hi IQOTiiKf 
fh® ftwilftbility ^ aireMdtia. «ie p<»si%le th® 
8«|»mtio» th» almmim. .i#wlc^i»at pv9ff'&» into tlire# sta^s, 
mimg •Mbt# eWlsria© m tt&rfcljif »t®rial» In th® ftipat ..step, 
stailes mm mi# <»i the rewoml «f lapwriti## frm the solu­
tion «f siiretMiitt® tetr«©iil^il# m th# msliw cfetmiisfti fro» th# wth-
&ml reewefy# fh® seeoM fha®e of %1m ia^®ti^ti®B r®q«ir«a th® 
fr(»p«p«tlon ei interaftiiat# :fflit#rials t# b« tt#®i «ir«©tly m i»^ir#©tly 
ia th® r#i«etl« pro®«ss« fhe fisal 9%»§» was -to® iwittetioB &t « suit* 
abl® aire®Bi«a eo^oanS t® aetallie siremiwa* 
Hi# •roiwwts «f slfoaiitt* t&lntloBs to %« tr«4t«ia «« 
by th® great •©te'bllity !sii*e«B£» tetwt^lcsrii® ia aledhoa. sni 
**t«r# Hi®. rt»®tivity witfe mtmr i» its«iTO»tftf®<wi if tto# solid 
aip©®aitt» t«tr«©lil«ri4« is w#«i, "b^mme it •AlMta m atrmg t«na«Boy 
to hySTQlyn^ « e««tft«t irith at»®spli®rie »9ist«ii^, the nat-
erial is .qmit# fm'® fey ®€^aris« with ©tfeer egtt»reial zirconia® talts, 
the i^ttrities in «ire«i«» tttmehloriie *«ili e«itttBii»t® th© 
pp^wet to « Mfh AegWit, fh® •Mlyses of imat iTOM dt atrccmitt« 
teti«AloPii® fro® th® fitanljM All<^ toaufaotarl^f are iai-
clwiei ia foMLm II tt ebm th« «ti0r of «pjlti»i« Gi the pwrHicatioB 
proble*. 
pmptmMm &i fw® lircM^l .0hl@rM@ toy ©i^etftlli^stion from 
aeiAie iolntieiia mmi rmgetit 0miB ammatr&UA ^roehlcsric aeld in 
the f0r*ti«» df th© lifW of the desired eoaeeati»ati«». Ifter 
- 24 -
th« tiltmtliBt %)m. orjutali iC alpeei^ l ^«rMe w®r@ waslei with 0« ?• 
ae«ti»Mi« whieh wm in wdmeiag 1^® e«««»to«tiai trm ai^  
tita»iuii salta* 
B«c»«s«  ^th« hl'i^  aeMlty &£ th© aolttti<ms iiavolvtd In tb# 
tt©ft e£ pwp» ©Herid#, a mmpmrntm aqwlpijai with 
tarn® ii 
isalyvsa 6<*ttbr®lal sszetsblwi 
tztm Fa, Ti, 1 .^ 
»0,, % 
554 650 15 l.f5 
515 f35 60 2.15 
m S50 zm 2.15 
$m ICXJO 55 2.20 
a ataan Jaoksat was M@i tme @€nteaiit3»tl.oa df aoltttiim aipd ai^ talllza* 
t%m til® aoOlii. Ifca ampamtor l»i a @«faeity «f %hirfey litaiw ai 
beillag aolatioa, ae^ai? litttw mmimMtmg tfe® er^ talliaad iireasi^ I 
Alia44® wm mmm filtawi m aita $ Wmiihmw faiaiaJji.. to fa^«waiai 
aaala  ^op«eati<»i8 filti*atloa with' a ««ntrlfsf« is afitleipataA. 
fha e<»'wnBi« of airaongri to siyaealwa «Me was etetainaa 
by Ipiltiwi ill qwrts tubes alosai at mm md, thaae tuliaa wasra f 
iaehaa to diaaatar «a& 40 iaeliaa lc»f. faa to twalw pmsAa of »lr-
0<mlw esMa wara f®«i®4 froa oaa liat<fe  ^alreoHgrl Jto<»ida. ffea tmbaa 
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lirotailim tttraflwwM# Is a highly issimfele ooipooM for m® in 
the h0ri» redmetion to giw glre«iaii s«tal. The aattrial is More iaert 
to attack by atii»ph®ri© aeistur® th® t®tradtelori€®, which eu@@ 
the difficulty i» hanillag the sulld jBSterial, Th® iaei^ eas®# heat of 
waetim betweea -tb® flmwii# anA th® p®diiei»g wer other 
eoapouiias aaiw# a iwilmbl« eoBtribmtieu in aising 1A© t©'i^ dratur« 
of th» reaetion prodaet® above th« leltlag poiat* 
Aaong tht .interasdiat® ooapoHnas whieh cenild be tiaed for tha 
preparation of aireofiitts fl««jride are aircsaiia nixcmlm tetra-
ehlerid©, jsiremyl shloria®, i^ rat©i aire i^ia, aM ziremlm ear-
bqwte. SirecB l^ dhloriie ai^ d zirefflaium oxMt is©re obtained fro® th© 
pwrifieatim procais# lyiratei sipeMia aai airconiiitt <arb«Ba.te mre 
for^ d by preeipitatlon from aqueous solmtioiis of p«rifi«i'airec^ l^ 
ehlorid®, SoSliMi hydroKiie aM »odim ©arboi&t® war® «i^ l^ ®d for 
this prefaratioa# fh® preeipitatioas w®r@ aad® i» Pyr«x baakars aad 
the solatlcm® were iroesw filtered oa Bae^ser f^ finels. Th® aoist 
preoipitates war© dried Ija sfeiinlass sta®! trays «ith a ewrant <£ 
pwdtoated air. 
S-irooBiaa tatraflttorld© was wkd@ by the Im te^eratur® reacti® 
batwaan auhydrotis %€refe» fitt«»ide gaa and ssireoniw t®traehl<»id®. 
This m i»pw« siroeffldtt* tatraflacrid® for as® in th« prelim-
iaai^  ®wliiati«i of the, fluerid© in the radiictioa procaaa, Throu# 
the me of a wrtieal assaiatoly of graphite tra '^ eacloaed in a c< -^
p0T Jacket, tha iatroSaetltm iigjiffities by ®<aT0sioii of th® ©on-
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MQNIL METAL ffiCDRCFLUCBINATIOR UNIT 
FIGURE 2 
30' 
Sl®p«i«l the «ee*8a hydfogtn ms aeesi^ lialei l»aA-
tog th« «xlt §mm -ttbirw#. 12 tm% 1/2 iaA t«M«f eB9l<»ied 
ia a w«ter««t#ol«d ei«i®Bs«y. .neMle waa eellaetti to 
m M@ml bntket ftui nemtimlizei vitli aotiiw eai^ eoi^ . 
»i M®ft©l imys ii«re fw ia@li«s iiM« aai fSl%®«a iiieli«f Img, 
M df m^rMl mm &m imA de#f. Meml re&e^m 
tmit mm mi® ei sJbc 'laeh pip® 65 l^ mg* fli* asimt of sireenittt 
profl^ iweA la oacA mm » tto® teaUt denslti- ©f 
tlto ftartii^  -iii# mmmg* §mm mhmt fiw kll'^ mmi 
ei 
Siree l^ eiil«rlie m alre«i«* e«M® wlileli. wlatiwly 
liari  ^  ^ !••&©% mt  ^ fimmi&e to fmm 
l^ a a®i wtper* fh»»® pi^ aflweta ta Qsatotnatlc® 
w4-Mi %k» mmBB Hum^Me tmm a Mghly mnmim alxtws# 
M«sl afital iii B@fe i^ ef«at»1 '^Wi^ 'fea«i .^ -i» &mrm1m .atta®!. .fvmfu 
tf sm(^  as ©opptr,. silver, aii^  flaliBao-ltosi traj» 
ii«f« wd i» th# •«•! a»it» fii® iamw nails the Mm»l ©ylinitr 
war# ll»«i *it& #o^«f slMsat, • 
ii»®l lifilre«L»«iisa%ii» mil mm tasartai in as iraa pip® m 
vbieb -feh® y©si»ta»i«' iMiatiag ©!«»»»% wat loaattd# the a#®ipi of tlia 
retiitaae® fatr® m. a i^inttalioiaal t®.i^ ®3pataf® graii«iit al«»g 
tfct# langth  ^th® totoi. a® ®xit tit® im®l ti&e na# mswlly 
m hmuv tltaB  ^ mA aaft 40 ©entigfaA® 
d^p-wfts mmmr tl®a th® i»attt3»i t®^ratwr«s# 
a® addition ef aqwow i^rog«» flwii® %o s«Ald ®ire®ijrl 
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the pt9@ia%m*A Itwir aad th® tooA wall to swpipw% the at tli& 
tiae ®f 
Oaleim »ital frQa«.©«d at th® Jkm® ts3b&e&%@^ *a® «s«d at th« ' 
redttelng ageat la th® Feiwetiwi of glre^lw t© th® aetal# 
fhia »leiw WM r#aJbtill«4 and «ras ©f -ai# lil#«8t purity airatilal>l«. 
A tfpieal ia»ljsls of th© #alet«* meA Is mprnt^d la Tabl® III to 
ahflw th« a«!i®nt ef whldli mf b® t»trodtt0®dl in th# 2lr» 
emlm mtml th@ ifeimgisg aftnt. 
fabl« III 
, toali'sls eal©iwi letal 
Il@Sillt p*f^. llaiwiit P mp 
fa 15 A1 t 
S 30 fa <m 
m 15 M <2© 
Q aoo K <50 
m m 
fbwi r®a«tl@e th« zireoaiwi mA 
aital Is not i»ltiat»4 at the mml tavmm t®-i^ratttr«a 
flisfsaal 'b@««it«?s »®y« whicii mmM f«aet with ©aleliaa at 'th# 
fwemm te^aratiiw an« iner«»® th® t®ii>«mtfflpe to -a point at vltidk 
the mla @o«ld pi'<^ed, fh« ®xtre«®ly hi^ Heitlaf point oi 
- 34 -
aireoaiaa favori th® additlcm ^ as alloyiag agent to •qaaliz# th® 
»®lttng paints of th® slAf an4 aetalli© phases ^ th® profliiet. Zlae 
was tmmS. to b® a satlsfaetcay allying ageat' with th® ssireGBiiUB. 
fh© prtseiio® of aiae as part of th» booster eharga was attaii»d 
by ttsisf sine dW.crld« or aiae flmaeide in th® booster i^aetio®, 
E®ag«nt fjmi® »toe dil@pii® was mmam driai bef»e it was adi«i to 
the eharg®, Ziae flu^id# was prepared by th# aetioa of hyteoftta 
flmsride on «ag«iit grad» sine ©Kid® at 500 depreea eeatigrade ia 
the hy<3rofl»oriaation mit, Jh« l^gr<^e©pi« mtiir® of ziao 
ohlorid® a»i th® ralatiT# low pwity ©f these »at«rials were dis-
«d«atag®s with th@ giae ©^oiiwis. Itotor lill aiae »®tal tii sx* 
tr®B®2j high parity waa cjl>tai»id for me ai m all<^iiig ag®iit to 
lm9v th® wsltittf poi»t • isi airemiw# la tiila aodifieatioa resttb-
liwid sKlfwr- or iodin® waa «s®d as %k» bo«t®r reagent. 
After l«iiag th© cl»rfe to th© boA the capped bo»b was fired 
in a pii«fired farBaee# this ftewiee w«® li»®d with a 12 incto 
dia»it®r atainl®®® steel shell &vA. wm heated with a ring bwner. 
The faraaee te^eratare was eentrollei by a Iheeleo poteatiotr^. 
The tiae at whi<^ ^e reaetioa ocewrred was detested by neaattring 
the ten^ieratwre with a ihrnrmmmple inserted in a well weMed to 
the side of the boisb, fhe norm! iaerease in tei^erattire was 25»5Q 
eetttigppade degreei per aiatiit®ii bmt thii iaoreased to 100-300 e®a» 
tip'ade degpeei per aiaate fw the first two »iatttei after the reae-
ti« had tate» flaee* 'fh® h^wting <^ele waa reeerded with a Brcwa 
poteati«wtrie re@-»der» 
• 31 -
f. KWIIKifMi !«fias 
km FiBPifiofttion «f SM.srSJ,e 
Bi® pwttjr attained i® th® «talile sireonlw li partially 
m% mpm tlm pwity ®jf %lm air©««il» si^lsyed. In ae^ler to 
aehieiw th« i®«irei pwity It mm mm&amty %h&% a pwifieatim at«p 
iA0«M b« i8©l«A®d, this pro«»ss l«i to h% applieafele to the taiftaiiai-
free aaterial frm the siliea gel eolifflaw# It aaat apply «tually to 
the pngifim%tm of 0(9«»yel«l airooaitt® tetira«iileeii« for the prepara­
tion ©f a larf® fmatity «at«ria,l with whi^ to giabieqwat 
unit pf0©®ge#s, 
laitial attests, to paopify the altofeoli® aolwfcioa gipe€®itt* 
%«t»<dslorid« iao-ea»lia»g» wthoii wr© «watiifa®tea7, bemwe liie 
acidity <si solati®i was too p-eat# Bittillation dt the aethyl 
aiedh^ frm th# solaticai also i»#aov®i mA nrf tii« fcyiifO'dWlflrie aeid# . 
fhia c^eratlcm jwiraitted isi the alofltool ia th® haf^i'oii 
sspairatiofi. A^wotts tolaticms of the- solid f»iiiw® ftm the ]»eWiaa<^ 
vmmery new feraatei hy i«*»E#iaag® awtt'Ods wi-  ^ tii« aoid fmm tsi 
^mmx fO «r laloito li# ©apaeity f«®ina# ft« yt*«ml 'oP titanim 
was ^rtio'Blai'ly iae<*|jl@t« aisi th® frm iratt nas not too 
©ffactiva. 
a® e«positi« of th® 8<dii mmiMtmg aft®!? awptratioa of the 
B»thyl alectool fawrtd a p»3rifieati«i -Wiro)^  th« ^«s7stalli!sati« g£ 
airec»iyl'ehl,®ri4#, fh®. rmMm e€fflitaiB#i a ratio of «m® 
ehXmim ato* p«r ®ire«i«» at««. fh® fosmtic»i of aireoi^ l «&lorMa 
«« 36 • 
i^.q«ireA th® sMltim ft@M t© is«t th® stolehiemetrie 
m& t© tmm & m^hmr liqwoa? «€ th© i#girea aeMity. fli® 
latwrial wteia«i »ost Iht prmmt in the 
®pigi»l niT&miim t®traGtol<rM®. A slallar treat«®nt of aqueous solta-
tiaat® t®tra#ilwli® fsEralsltM sirea^l ©Klopiie fp«® odf 
all ii^pi^ties «%eept htfiiiw fcse in th« &£ sutoseqwnt 
proctsse#., 
f&e prtporatioB oi airec^l ©WL^ia# oi Mgh p«arity, om kllo-
gra* @f aire«ittB tetrsetolwii® was iissalffti slewly in water to flw 
fcKir liters ei solatiaB. Sk® warm aoltttion was filt®rei t© nmrnrn th® 
tr»tteB ®f water tesoltibl# «at#rial» Iirap®patloo the solatios m&» 
Jwit«i th« aeidlty #f tte« selmtlon t« ap|>r«iwit«3^ six a«r»l 'hfiT9^ 
©hlfflpio a®Mf ften tii# s-olmtli» r«aefe«i a rQlwm ei ahoait 25TO «1., it 
waa eoolM with atirrlag• ?ti« #o©led soluti^ with th® oratallin® ia-
p€wit «f sireonfl ehloriS® was VA&mm filtered; m a Mm^mr fuimal, 
Th® <»fs^l® wtrt ifa»h«a with thre« ^ p«ti<»i of a®8to»®, for* 
^«r e<»®®ati«ttiesa rf th® ^mm» filtrate to i»ap«as« ttie yi#M rf 
s.ire«yl eldLcrMo was pettmemi. iM tiie saat wMi»#r, hmt th« washijog' 
th® erystals beeaa® «»» iiffl®alt h«eams« of th« teafoli iBcreas# ia 
th® ewieentrati* of 
In an. ex^a^ad seal® ei litis prowte® fift®«a Mlc^aas of air-
eoniw tatraehlfflrid® w»r« disaolved Sa water t® for* thirty liter® ei 
solttticm, 'a®®* fiaotitifta gaw a aolaticm with the i»sir®a aeidity 
withoat 'fh® solatioa wai fraparei ia the glaas-liaet 
#wp©rat<r i». whioh it ©oaM h@ heated to diaaolf® all aolwhlt natter. 
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ftroetiamr ww ifee sftmt m tliat tts«i la th« ertginal crysteHltaticai# 
A£%»r alreoayl ctolca-Mt, It wat with 
111 hyiro^erle mM #tttw«t®i ultli alrceiiyl 
flltmte ani mslbtats ©«Ma©i aM msei as tli® «©lwat fear tht 
hmtmlvm^twm^ im m sasseedlag fasttl* 
B. Ig»itl« ©f OMl<afM» 
a© eoawr»l«a af zlfeo^l A1^M« to airefflRia® «id® was aeeosN. 
pltfhei % tgisAticai at elemtsi t»^efmtar«8, th« lolM atr®o^fl 
rM® was in el^«i«eaa <i«att® t«!b»#, wlilA sttspeadedi . 
.!» * pi#»firei. heatei to 6c» 4®^et e®»tlgra:i«» 
Aft«r ^«»ty»»fw leatin ft a®a«® whit# proSset wm ci»taiit«i whiefe rem 
talaei «ly #mb41 awmta «€" »»!>« dtt-erSae. fhe esrhm p®sidted 
fr®iB thmml i®@«wp©sltls« ©f' ae«t®B® smi. otli«r »it»pi®ls i» tli«^ air-
©013^1 forth®!? Ifaitim at TO de®ee®s to « 
esftlte peAneed tbe a»«tet ei. ewtoaa ®a4 ctolerla© la th® ali?» 
ethilma qkm®« 
flm IgaltioB of alPe«M l^ 3.il*rat«i larg® aaoaats rf 
Wat®* mpm uni l^ p0f»a (sfelwli®* Th® eaua^nsstlm th®i# wpirs 
waa irmwiag ih«« thpwgii a ifat«r»60ol«i ©«aeii8®p  ^
Mima ®f ft ii«t« ttspi»sttap# a® @arfeaa«t« wat eolarwa %• erfanle 
MRtt«P| tet ilistilljitloii giw »|tte«»s aeM nfeieh 
eonii. htt tta«i tm %h» pwtifimtlm ©f sslreoB l^ dil«riA®# lo ©ffort 
Has dteeetffiA tmmtA this «e«o«r a^asiir® dwis '^ IJi©., py«f>»ttti«i q£ 
Siirmnlm mi&9* 
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la th® reaetitm' zirmo^l ehleride aM gaseous hyitir«^®n 
flmerM®, a g'oliitleB of th® dhar®® r®8«dt«i frea the co«bin«tlcm dt 
th# wat«r of hyiratic® with -tt® l^iyogen fltt<Mpid®, hi-^ly ccrro-
aiv® prqp«*>ti®s ^ "Wbi®®® soIwtioBs c«l»inlag hydroefeXorie aeii ant 
hydrc^merie a@M it tosirftfel® to ,r«aove the mt®r of hydration 
froa aireoi^l ^Iwid® pvl&r to th® peaetios with ^irogea flararid®. 
Sine© th® diaplaeemeat of ohlcria# by ilmtitm proeeeds sor® readily 
than th« diaplaetaeat of esygeii ia th@ hy<arofltiEa?ii»ti«ai reaction, th® 
rommml dt th® water of hydratioa shoold be aeeoapliih®^ with a siisd-
au» la«s of ehlerid® by hy€r(alysis to giretaiiiwi oscid®. Zireooyl 
ehlwid# nm h«at«d in th® qwrt® tubes at variissis tei^^emttjres for 
tw®aty-fotir hows to gi-w a aattrial for eoiwtrsim t© zireonitaa 
flttorii®* l««oval of the water of hydration by heating smXl sables 
in -wkeaa* a»4 at ataosphtri© prassttr® was stMied foe a aeth^ to 
git® a starting wterial for hydroflmorlnati^. 
fk9 «id® with a tariabl® ^Icria® and water ©oateiit was erased 
witfc a law erash®r haviag m <^aiaf of 1/4 ineto# !Bi« emahed «terial 
was piaeed in th® t«yi awl treated with ^dragen. fluerid® ia th® Monel 
a@tal wait shOHB in Figure 2. the defr«e of ooawraion to airccaaiiM 
tetraflttorid® wa® det#r»ia#d as a fmioticm of th© tii» of hydroflttcriaa-
tion, teaperattir® of th© zireaoyl chlorid® ignition, and the t®ffi|5erat»« 
of the ioa#l anit, fhe anotiat of etirrosion of th© trays was a aeeessary 
0Mi^rQ«is@ b»tw®@ii th© tiiB® req«ir«d for eoaversioa to fluoride and th® 
t®»peratmr8 to which th® J5ir®®t^l ehloride waa heatsd b®for« hydrctflttor-
iiiati«, of eopper, fepass, l#ad, nllmv, nick®l, and platiwin 
- m • 
w«if« test®# f&t vm m mt®rlftls cf eokgtirettioii t&t tit® tspay# ana 
l^ r« l^m«iiatiaD mlt. Binm aip««iwi t«t*«fltt®rid® «5totaio«i 
tli« tMat»«at «r zire«l«Bi exM® wltli kfiT9gm UnmMe ipetaSiMii «lr» 
effliiw oxid# aM aM«i etlier iipiPlti®« m « raawlt of owroaiaB of 
tfe# traya, it wm paalfied by «bli«tl®a Ibtfor® it eotdi 'te® tisei ia 
the ©xptriasBtad teimtim to »tal* 
Bt# b«t»e#a iii'eMiia hyAy«ii® nM feyiroge® flaerii# 
do®® not molm pise# «f a ©awosiire aatwr®',. so th® l«»«i letal «idt 
3wy b# Met witlnwt esnfeMii»ti« rf tifeiMBiiitt flia«ri<i«. fh® ire-
ssotal of efelirMi# tm io tbt tIior'«»ti#» washljig §i pw»» 
oipitat® is fflioassafy to ®l.i«iMit« th# c r^rcwiim p«obi«». fo a s®!.*!® 
tion 400- gPaos dt ©odttta ]^ f«ii® Sm 12 literi of water 
Has a ®olttti<« eoHtaiHiis  ^1610 ipmm of ssir®«aigrl ehlorMe i» 8 
liter# of wattr# filtratioa eharaeteristio® dT %im far^ eipitate 
was ia^ oved this -aod# ©f Mditioa of tfe® waetiag s<i.mtl«®s* "Bm 
prittoipal pretel®® ia tli® hydraKiia pr®@ipitati€« was tJi® rtaosml c£ 
filtrat®' f^ o* the toliis# th« ©oeMtd Mqadds a»cmit«d to SO par 
t^tt of th® w«;i^ t vsi the «®t filter <»k0» fhe large voli»w> of tha 
wat eale® diaooaraged diraet waahing of %hn ItyAroos <wld« m th« 
Bwetas»r fwa*!# flia eaJj» «a« dritd in staialasa ateel tei^ s witt 
]^ «ils«at«i air wbieii feaat®d tli® Material to approKiwitely 60 dagraas 
©©Btigrade. ffee iry solids war® palveriaad aoi wasfcad, bwt tiia re» 
msawsl of soai» l^erii® waa wry difficult#' fh© watliai isiroimiwi 
MydrffltMa was driad ia tli« saw »na«r as tti© erigiwl praoipitata,-
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l»#ea»si ail,a§r®i with airemitta,' asi smll a«€rt»ts air© ia Vm 
t&tm%im the «»© mm»B ©al«itta »a# imretiigated# 
M iaereas# i» th« yield dt m%aX was ^talasi with «i« ad-
diti£»'«f «f«3S ©aleiaa. A <!tearg« «»taiiiiof WO g»as. &i siyeenitt# 
i®%rai0iiii«flpi4«, 45 sf «ia« eli3.i«fid«, aM gfaw of ealeiwa 
pv&mi. »«wt iatlafastery# • &ts la«liad«d a t«a pm eaat ©xeasi at 
ealeittii, 
Isiag th« sant a#l«r prcfOftims in th# ehapfi, p#pla<s®«»»t ef 
airemlam fey a.ir®fflstim« tatraflasrida wki« by hyiyaflttari-
natioa. ^ atreaaitti tatra^leriia iaprerwi ih# ylaM of »irefl«»i«m iBtal 
•0 MUPieidlf that all .f«irth®r luf-tattiptiiffla wair# mde with th« fltt«fid® 
aa starting miertal* Siaea airooaiw tatiraflmsrtd® ©an h® ti^eated a© 
it does Bot hyirolpsa l» air, ttiis fa@t«t ia th® prtparatien th# 
©harg® wa® iapurtaiit* 
After tha «i^@ri]K»tal e^ntitieiis vhiiit ftmi th® ni3;iniin yitli ei 
aire^mittM »tal war® detaraiisii, atteatim waa dir®et®d'" t® an iafirove-
mmt ia th« ^l^ieal p3f«terti®s oi ttt® aetal# Th® ®xti»«e brittleiMiaa 
dt th« attal ©©old ptctohly Is® attrifetit«d t® ^eagrgefi, p«iaihly intro-
dmead iwm th© aewteesi 
1. ilire«iitt* sKid® ©mteat ei the airaosiia tetrafteorid®, 
2» SalelttB okM® forsed Tsf -ttie a®ti«i Qi ealeiaa aetal 
with aix' diriaf sttmg®* 
|« later added with th» ^pfoae^i® aiae florid® dwl»f 
ffapaMtlc® of - «ie dtauppi,. 
4. -litSdml air in th® hicwte after addi»g th® dharpi. 
5, lirte»0tioii of th® r«a®ti©a pr^lttets wWa. th® Xii®r, 
. if • 
fh® 8©f«pati<» of slreonim miAm fpo» aireoBiti® t®tr«iflti€rM® wm 
by & irnew® sablifflRtl^ «P ttt« flttorMe m% 750 %& ®30 d#gjp©«s 
A 9taliiles3 ate«i ewtaialJig was 
l3i«At«d 4a ft fas f«•»©«» fb« flumM* wm eeMeusei m & 
e«ea«4 by «lr» fh« preiaet was & d@»s« ^stallin# *terl«l 
whleh ms iiffleelt to ®piai# ©oafettaiaatiaR *i%b ire® ©eeiinw^i, 
tout %hm a eoatalner #f laatl aetal ani a Icaa®! eoii^ 
i«aseir -iaserti^ im at»lal«s® 8t»«l witespt •®9«re«»i this iiffieiilty, 
Smm p^ifieation ctf the fr©« otit®f aitalXie l»pmriti«s 
hm b««B <sbt«l»«i by Afeatt '(If)# 
tt« i»tr@iaeiioii .agrp»n »ith tii® retf^eiBg ag#at «a« i^i»jU«i 
mslag tli« ealelttB sbertly «ft#r it «•# prtpopsd iistillati«. 
ft® esleiitt «a® piteked ia saall stitM e«laiaerg in m ataea* 
fh@r® to awii t® th« ftt*ospfe«ie®» 
•e^g»», iiitr®iii0#a M wt®r *itli tti® aijie ishl^rii# ©ooM %e «liiBi» 
aatei «Bly toy tiie me s^einliaM. »thoas i» th® prsparation of tto 
8wA mthMs mm uot  ^'reniily applicaM# ifi m 
txpaaiei r-ottti»e proatteiioB fh« w# ^ zltie flaorid#, pre-
fared % treatiJSf aiae eseli© iiit& 'hitrsfeBi fliiorii© at §00 it-gr#®# 
©•ntiffai®, mm B^t ameetisfal. «iis was prebafely the reselt ^ in-
o^ltte emrBTBim dt ziae «ii« to zifts fitt«e4d®« 
ft® as® e£ iiae t«rateg« with s«il.f«r ar ioiiae as tii® b©®»t®r 
r«ag@nt gave tto Imm welting alloy ©f sta© mi sireowiw. Itois 
eoAi»«ti« atoiitd »« of <3^^a-o«t«iBiai «at«rial8 m& 
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bj ttoi aidlti« ©f bj-ir^ea perexMe, Ihe solmilt® was transferrei to 
a fiw .©wwtt# and tht traasalttoacy waswei agaiast water 
aa a refaiNBae® at 42.0 m/i ia the 0®l»Maa spectroplk^tdiHsttr* C'©apari8«ai 
with a prnvimmly prepai-ea staaiaM eiorfe $@m the tltaaiw ©mtmnt <si 
the aoltttlott* 
Afi all«|ttot ©^talaiog oae gra» oi aireoni-w, witfe which vaXwa as 
%m m 5»10 parts f®r aillios ©f $xm in iir©«iw» ean he itterslasd, 
waa treated with hydr®*grla*iiie hyir-echl^iie to r«dtto« the irm to 
ftfToiaa lroa» Tlie .aMltloa -of' l,l§ijli«aitttlirolla© eawei the formtloa 
of tha red ferrows sttlfat@-l,lO*|ii®iaftthf'0ll»® eospiea. ?li« mxlMoa 
e&loT wai iiwlopei at a ^ of' 5*7f whlsh tiis adiltion of 
mmmim. tartrate te pmm&t th« pre#ip4tatlo«' of zixemim* After a 
•one feowr iatervai to alia* the ©al®r to i«v«lop» a pw^ioa «f the 
soltttlea was t»aif®w«i t® mm e«Btl®6ter etivett«8» fhe pm-mnt 
traas*i8#i«» ©f the solutioB was d#t®r*3jaei l» th«s 0^®»an speetro-
pfe0to«tter at §15 ii/t with «at®r as .a r«f«r®»@e, Hth th« •mle® foMaS 
la thla »ajia«r th« ivm eonteat of the soiiitioa was 4#ter«iiiei fro» a 
pr«Tiot3a ly  prepared s taMard §wrm» 
Mangaa®®® was 4«t©r»in#i eoXdriwtrleally toy tli« iiwlopaeat ©f 
th« ptxtple permagaaatft color whi-eh was f®rw4 by treatiaf th® aoliitloa 
of ilr®«ia» with sllTer aitrate and a*«Maiii» p«rsalfat«. ft® t«iBS* 
alttaa^ ®f tte soltitiaa was im ttie Ooleaam speetro* 
ph0to»»ter ttsing water as a ;r®fer®ac« solution at a, wav© l«agth 545 
Coi^arism with ths gtairiard mrve gav® the Mmgsuae#© eoat^nt of 
th» aoltttiott# 
waa &%%eTmimA hy the asthoi# follcwlag th« 
addition of taytaj?!®. aeii audi soilm li|rir«id« to m aliqaot of th® 
aireoalw* SQititt«», st®a« naa pasi^ through the mixed selntioa until 
50 ffll, of the ilitiUats hsd h«m 0ollt©t«i i» a selutim of b«ric 
acid a,M sstliyl piirplt JWi'oat®!' whleh. h«d b#«a to tfe# vapor 
trap aai mmimr ®f the mpp^arsttt®, tt© iietillate was titrated with 
staalari h^roehlorie aeM to m ii««,tral p»y tni point., fhe nee®8®.My 
©orreetlQns tm tht isiioatw aai rmgmt hlmk mm aaie feefdre c»l« 
©olsting the aitr<^ea «ait®nt «f th© toltttion, 
to ttliqmst rcaovtd for the det«r«.iBa%ion .of niekel. aad aine mm 
adjusted to a^fiial pi df iift« th« additisa of mlfm*l±Gjll& 
aotd. Absat 10 nl, ctf this saiiiticja wsa «s«<l ia ft Sarf?«nt iedtl III 
P'«ilarog»ph% iiekel «pp®.ars at a pot«atial of *0«95 ^olta 
aaS zlm ia Amrmi at --l.ao volts as wtaswed sgaifist the saturated 
ealowel eell» fh# iastriisiettt tag calibr&iei hj. th® standsrd additicaa 
»ith«a» ?0la»is of ft staMard ainc selutiott awS a ttaEsiari nielwl 
soltttioii eoiitaining ap|sr«i»tt®ly th# mmm Ammntn as 'ifeat foani in the 
2ir«€ffli«ffl taaple .were «4<l®d to another aliqmot dt th® soliitioa of th« 
Th® aixtwe *a@ gimm th® ssm trtatwat as. the ©rigisal 
The d®t®Mi»atl®B of e«rh«i ia tttrafliiOTid# ma wd« 
with a ttsml earb^n train tt«difi©d by having a s^^fehiug t€w®r fill«d 
*ith A tatttratfd solatioa ©f altt»ia» salfat® in 111 smlftarie .acid to 
reaovi k glaa® ifool plwg »as aim ias®rt@d to filter 
the iwst fr€» th® fliiorid®. la igattiea at ISW degrees F«hr®Bh®it 
- 55 -
for 45 was areqairtd fm th® dt%e»ii»tlo«, Cmhm In zireoalu* 
B®tai was isteraineA by bwniag twretaf§ . df tli® i» an alwoljai 
1>«t« Sttlfur mm ommvteA t© salfw trloxM© with platlslsssd asbestos 
SEd aetlwt«4 mmgmme HmMm m asbfsstos# 
fh® ieteraiaation fs£ flttopiae 1B zireml'm t#tpafltt«rM« iras ia^w-
tant In shoiing tlse pwrity of ttna ffio'Sfjoiuwi te b® redmcsA* ffae pfrekf» 
rolyti© aethed of Imrf aai 011B© (21)' WAS ASEA ta soavsrt IIREONIHM 
tctraflniorid® lato sirsoaltw 'OTiit ai^ hydrofea Stea* was 
passed over the #a»|5l« in a flatln« bc»t h«at«^ to 8aJ»850 dm^@a 
0#iitlgrai®» fte st®tt» «»d hyircjf®® fltt-orid® were c<a^e»g«i anft q^» 
l«iit«4 la a nilmr disM# 1- titration of Idi# iistillat© with sta.i5d»rd 
soiitt* hyiresEii# ift th® prtseac# of ph»ii0lpl»tlial©i»' iaiit^tor gave tlie 
florin® amtmt of tb® saspl®# In th# oa.s« of aabliiiwi sslreoadu® 
tatraflwerlde the pirohyarolysi® reaetioa took » Icwig period of ti» 
to r»m&m the last traees of fluwpltt®. 
Sables pr«fitped tm th® aaalysis df otiior teptiriti®® "by aprntrvf 
gmpiile a«thais *ere o<«wrt©i to tiie eKi<l«« Sireo»itta tetraflttwld® 
i«v«ely li*lt«i th® sp©eti*ogpaphlc fieteraiaatieos,'so faaing with 
sttlfarie aeii was mmmmrf to emmt% th® siireoiiim tetrafluorid© 
to tlie sKlfat©, which eswM b« ignitei to alr®0»im «icie, ietal 
,sa«pl«s w«r© hmmA in aiip to form th« eKid@* 
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aai !041ier ittstalMtiouss ,€€ the itottlo Inergy C®««i«si<»s# 
• The cheaieal ai^  apeetre^aphle resalts ar« r«pertei in 
fabl» If m parts per iBiUlon of til# i^ wrlty ia aireaalttK osid®. The 
range of mlm@ inelti4es th« results several Baisples. la 
the following «l®Be»ts w«m aot l#»i, b»rylllttm, magasss®, 
ftrscnie, thr«dii», germnitt*, asalyMettUffi, ttick®!, tin,, 
wmilttsi, i^ne, biswtitlt# 
fatol® If 
Amljsis. of lire^yl CWLarii* 
lleMSt f ,p,a, Itt Ir-C  ^ llei^ iit p^p.a, in 2r©2 
f* 15-5© M 0-30 
M <500 m <3 
n 10^0 1 0-1 
SI <20 m 0.2-0.5 
iuaajysis ©f aire©i^ l ehlorii# for earbon eortd »,ot be perfwaed 
rtadily, si»©®  ^ aa iptiMm in a mvhm traia iiaaM lilbermtt hyArofsii 
eissl^ pM® l^ ^dralyiii,. a« of @arbaiae«oas »tt«r m& 
ft-rlisnt fro* %M analysis «f air©0»lw mlAe, tfe® rMttctim vt 
mrtom i®p«rity iwring the- ecwersioa to alremim tetraflaorMe r9» 
mm@4 the' as«  ^ developiaf m aaalytlml iwthod for earbee ia 
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m  ^•• 
Introftmed iatO' syst«* is laaie is-Tabl# ?!• 
flie 4@gr«e ctf" o?»v©rsloii to alrooaitis® tetraflacwM# Isased «» th® 
florid# e0»t®at of the exit gases was Immt thm. the toIw obtained 
tvm m flmorid® a«ljsi» af tlie %• ©asapltng rf gases frm 
the mi% »%rmm probably ltd to le» wsalts ^eeftnae oi Imms, it is 
»pfar«at fiem tit©, data ttmt the lmm% te^eratiir® glires «»© wipld 
eoOTefslia to nismmim tstrnflmoi-Me by aaking sore sfflcieat use dt 
urnm n 
e«w«i«i®a 0f ,Siree®lm» Tetrsi^ larM® 
to t ifcmlm fttrtflttcrld# 
W iapttt. % ©wwiMiioo 
&% 
% cmmmim 
at iO% . at 100%. 
100 15,0 M.2 13.6 
200 2f.l 2ia 25.0 
m 32...6 34.5 
wo 55.t 43.*© 44.9 
m 6a.i 55.2 
m w.§ 6l^ 2 62.2 
m i5.a 6S.? 
m ma •7i»i 72.2 
th# hfdr®f®n flttorJit* fh.« wse of still Iwef teapewtures wms d£s» 
e€«ir«f#i fey the eoi^ ®ftsati«t dt feyirog#n flm«M« la tfe® pmmm grttphit® 
tx«pt« 
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a® rsaottou lb«%»®ea sivemim aid© hyarogen fla»M# AM 
not prast«i at. a fav»abl« rate^ 11m> lew igniiiow s£ 
sireangrl ®if® a Mor® reaetlve •fttertal•f©!' th© pr®parati<ai «f 
sireoRiffli t«tr»flmopM®» fh» mmat rf' ehlarSiie rtwijaing is tit# «M» 
ieptfflSei M tlit t« r^a%«r® «f 'the igBltl©»« Ifiltt*® dt zlfSiia l^ 
dtlisrM® at 41® dt.fr«#s etatigrai® gaw atfiwiaBi saM® eoatelBiag 
a^ewfc mm per @«Bt ®hl.®rift®» ®ii# <3bcM« AM not reaet f®aiily witii 
hy4r^«a flmw-Mt in the immpmmtm'e raiips of ^ t© ^ A«gr®®s mntim 
cWlsrM® h«at®i t® 3W i»0?ees c®»tigr»i« 
f.a f«r e#at @bl«wii» a 24 Igaitloa of .& tofttefe giving 10 
powois <£ Slrtcasltta «M# fro* this lfttltl«i rsiialrei ma. 
txeesslw &»«it si tl» fer th® to tlre«iiia 
altfeoiii^ it was an i*p-roflre-»at mm %hm qkM© at hi§^w 
As WKshi as lf,7 p9r ««»% eltliwia©, aftef heatiiig zireca^i 
elilerlit at 2^' i«gs»#®a e«»tig^aie tm 24- ho»«# fkin »act®i 
readily witfe fefir^ea tariag the ««ly stag®® tli« y»a0ti« 
the hfiXQilmmimtim mm @p««t®d at 2^ iepwe« e®iitig»if-# fh® 
replaeewnt of ehlsrin® fey flttwiae aeeuri^ eoi^l@t®ly 4t2r3,»g the 
first four hmr», lltrotlm ©f th« t© 400 e«ati« 
grad® »e0el®rat«a the !syarafltt«*iastl'©» e£ tim mmiming tlx-'eoaiwa 
mimem 
0errs®lcai of th« M®m1 ai»tal ttait and the iatroAttetioa edt 
pwiti«s la tli« proittet mrm mmmalm ia the l^roflaariaailoB ei 
• 63 • 
aattrial feraei by the ignition of slyeQE^fl oKlarifle -&t t®a9«»itta'®s 
feelow 250 i«gr®«g eeatigyade,, Ilreoaiw flusria# pf®parM fro* tb« 
gseii« ifaitei at 2fO 4#p«®# eeatif»€« eoataiaoi 0,0§ to 0»^ per 
©ent aiokel* Sabliafttim ©f tMs iM not r««we all th® 
nick®!. SiMoeioa «®tal efetalaei fr®» this smbllMed fluewM® was 
stjlt&bl® for ti® ie"?#lopwnt of i«8ia®lag eastiag cp«yatlfflas ^ 
0th®r »«©ti<»i of tht Iwa lA%««tary» 
•€Jth®i? *»t©irjAls mv0 ttatti tw met la th© eaiatraeti« of tsmys 
In-the hyiyofleorlBatiai unit# tsmi.p l»»sa, stlwr, alekel sni stala-
1«®8 st®«l t»y® l®i t© the sMltim. of ttr^esiraM® tepwitlda In th® 
flttcrMt prc^iet* Q&pper wm m l»prowi»iit mmt Mm»l »tal| tout 
2lre«lw tttrnflmorM® pp«:par®i trm slre«tltta mM« lo eopper tss^s 
•eoBtftiaed 0,03 to 0#1 per e®Bt ecpper. fli« e&ppsr om%&wA.mti<m ce«aM 
Im redneei to $0^ po-ts por *illloo 1» flttoria® l» tk® 
sttblJjsatica proses*» Flatl»tt» t»y» wes-® mtj ettmtire in Halting 
t»li« aaeant e£ cofttaalnatlm, hut the eost for ®<|nip«®nt ©f proittetiiw 
eapaoity «<Md 1» to© p-eat. 
a!ire«ls ««•» p^elpltatei trm aiiwoas soltttloBs ta 
atrefflayl eWcrM# with «arteoi»te»ftr®® soilw bydr«M®, lyirofltterla-
atloa of hyd^ttei alreonla reqairei 16 teows treataeot at 4^- degr®®s 
©«iit'lgrai« t 2iresai« tetrnflmerM# pmpamA ia thla ec»taiaed 
500 to l«K» fart® p#r id.lll<» dt eapfeon, mhich b® m -anaeslrmtel® 
aAiltle® to th® »tal prodiiet# fh® ©oeirsralon to th® flaerMt *ma 
afeottt f5 p®F «»iat ec^l»t#, so • arnhlimtim of#ratl<Mi was aecesMiiy 
t© mmm® tlit okM«.. 
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Zivfsmdm &£ hi^ pwity was by the ai-
of atteoaa hyiregm 'fitterM« to s©lii dilwMe, fh« 
eriginal p«elpitat®d flttopM® was diPi®a la »ip to ik® aoBol^rat#. 
,Aaal|«li @f six toatehss ©f IW gmm mi the toi®a preeipltat# gam 
an awrage wltt® ^ 40 .,5 per «»t flaffiPise and 4f.§ p®? e®nt zirecmiBa, 
wl»l«to e5wr»8p»is aearly to tli« coi^«itio» the ffi«©ltyirat#. S«» 
hyiratioB. in aa at«©spiier© s£ kyir«^®a fle,«rid« eoBpl®t«i A® ec®» 
wrslon to artjyArotts lirecmiw t«tipaflm«ii«. The wftight (£ the 
a«i^arat®d proittet awragM 90.3 pmt t«at #f th# w«ight of th® etopf® 
ia «lght hstidies, fh« flttoriiw eont®at of the aris^rous airc^iiM 
waa .45 #4 P®*' &m% aad the ssireonim o«teat i@ter«ia®i 
as alrofflttiatt «Me mm 54«3 p«r e«iit, io eorrectlsBs w#re Mtd# f«»' 
the hafaitt* eoni«»t i« the ieteralmtio® of aireoaiiM. 
fh« aialytieal wlws repert«i tm •&© d®ter.ttinati«B of 
th« iapwiti#® In fr®eifitat®i anS a«hyiratei aJbrecaiiM tetraflasrid® 
eoafirm th® high piarity r@taitt®4 iariisf th# prafaratie®# fh« hi^ 
iefpe® of edW«rsiOB to th® fltt®pi4® aM th® high fwrity of th® 
proiact ellffiinatet th« B«#i f©i« a pwlfidatlsn by sttblinatloa# For 
ssireoBitt* t®tyaf3.acri€« prtpawi fr«» aireon^-l dilerii# whloh had 
haan resiystallisai aad washet with hydrof®» ehlea-M#, the analytisal 
•mlmB ia p&rts per in zlr&mium flutrM# meres f«, 17s 
f i ,  lOi I, 1Z$ S i ,  <20| Siji 3S| mwS 0, §©• Icw' 0srhm eoBtent of 
th® sMayAram «31^ec®iii* tetrafltieride was fartiemlarly ii^ertont, 
siao® air^cmiaa flmoriie froa ©ther pith»l« c^tained mora than §») 
pirts per «illl©a of 
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i, iKpsriwHlal of Eireaalia Co^oaada 
?h« ap:plle®bility ©f the fesate r«itwti<» »tboi to tht 
of wkssliw aire«Biii« liital was hf tlie redactIcaa of f®* 
tsssittffl with ealein*# Hi# m%&l ms reewertd as an 
allcf* with ste©# lti« ain© ®4iiti» na# <3tet«i»e€ with the i»-® of aiae . 
ehleafiit as th« thftrwil bolster# lifl«3P th® *ost faverahl© ec«aitl«®s 
was weeiPsrei ia a 60 f®i? ®®at yieli. as a giae allef 
coHtftlBiBg W pay mm% zJreeaiMi* Bi® iisttllatidR ©f a vdLatil® 
©cflipaaeiit th« liner €wiaf tht reiostioa mAe it 
diffiealt t© r«»OT« th# waetioB prMmets fr®a tte^ fh® hig^ 
zl»® 00at©»t ^ th» ailcf ir<wili ateetaitat® a l®i^h|r imetMm heating 
«^«yatic« t® ir^atilis# tii« iiM, 
fh® stthititati©a t#ti'a^«ii« for fotassia* fl«®» 
aire«ate ia th« »€«©%!« oteg® laewaged ti»» h«at of r0aeti<«. 
fhi» p«r«itt«a ft «@@reas» ia th« qmaiity ©f a.i»« ehlerii# «sed as 
th« h&m%m r®ag®at» The fi®M #f airesniiira sfttal mem&Tei in 
regaltt# tat alio is0»*ji©4 th« ©f »x©«®8 mleiittii# Th« aaxiMa 
fi«M of airo«iw m%B.l was H p«r ©tat i» aa all^ with sine whieh 
eontaiata SB pm mwA sirmBdmn, fh« iifflctilti«s ©tteoBBtayei ia 
haMliag iir^miw tetrashlwide aM th« fr®«tittf of tht mm&tlm 
prMmiets in th® bo»b tfe^ottgh smbliaaticaj «f aireetti«m tetraehlorida 
w«r« serictts fllsaifaBtag®® •„ 
l«te r«itteti©iBf of zir©<aitta tetraflmwii# §»•»« m laereage in 
tli« yi«M of siremi»» rmmemAm lith the mmn% .of %tna eMmM* 
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fts th® mri&hlm in th« redttctl» e&arg®, tht wxiwa® yl®M of S5 
p#r e«Bt «as oibtai»<^ with a eharg® ©oBtateiag a r&tio 1 »ole «f 
ilt&mlm tetiraflmarid#, 0*25 b®1®s of ate© •@WL®rM« ani 2 #475 «©l«8 
si mmlmrn 1^8 cbapge imlvaea « M per esnt «c®ss of ealeiti*. 
la a siatlar series of r©dueti<»s with stoiAltwastri© fmntities of 
«^l,eit» th«- rBfoltts cemtssiaei a aixiwta ®f 70 p«r ceiA at sir-
ei»i«»# nmiirmi tfe» @ff#el #f mmas mleim in th® efc«r^> 
wliidb. wa# «l«o ofeserwi M the wdaetiao of aii-e^iw tetraAlsisride# 
Hie 1BW© of 8«bli«®d Mirmuim tetraflaoriie in th© ohwge whieb 
e«taitt@4 tine eblcriie ani a 3.0-p«r e«»t #x©««s •<£ mMtvm iBereaaed 
th® aireoaiia ji«li8 t® ^ to 95 p©r ®«at. fkm »tal jsiwlaM 
brit'M.e ^aft«r reaiwing •&© ziae a»4 casting in gra,pM.t« Gs:"ttcibl«s» 
this «^g#atei cKid« eoatMiSaatitm froa ottwir 8^oi»ees *as m* 
spemsibl© for Ito® rafavcMfable phyaicsii p»qj«3Pti#i. 
a® m^gmn oaatsnt iatroiSiiKsftd as water with ItygroseeiJie ziac 
eWlorid® waa •®liiA.»st®d "bf ctawafiRf to ioiiae » sttlfur a# th« themal 
bo^t«r j»ai®«t* Si# «ff«Gt of rtsiiwl air !» idi® hmh wms rtdtte©^ 
«if®©fint tte tosrib aiid liatr with argon# Cai0i«* aetal wMeb had 
Mm mmntlf diatillei ms als® mssi# fader th®®« e^aBiiti«s tfe® 
aireoBlfflB wtftl, after %h$ mmm&l of aiae, *a» fomi to he extrsMsly 
hard, "bet it oouM be laeljined and rolled# 
a« mm of salfw m icjdiae ta the booiter r«ft^«t sade it p:«®ii» 
%1® to for» » ^©r»4e gire«itta mffUm & %.ii>eidLt* in a, dir«et 
r8dii©ti<»i rf tir©«iw tetraflttoride mitlioat &a alleging aiditim ^ 
ai»©# a 'ebari# ©mtaiaiag 300 gr«*s of aSremiua -^traflmeride, 33i 
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graw 0f tnd g»w <3£ stieiii* gaire pes* e®ttt yl®Ms . 
0f mm iafur# alj*e«lw »tal, -fk# mm wsultf w®r« ebtaiB»d 
r«flsei»g the loila.® with m ©qidtaltst aaoant srf salfar. Aft«r 
fsettBOi weltiag the »»tal l» paphtt® ©rwelM#®, th® .alreenima products 
weir® liaj€# tti® tef^stsa prcfeably frcwi th® IsertaaeA attaek 
of th« lli»y wklA at tb® tea^ratares reseltM in tb® 
fto0iigii tte« aiiiiioa of isiae attal to lm@t th® »ltiag polat of 
til® 5#lreonitt* |Aas®, tb# fiaMtlty «f toain® m awlfttr reqaiired ia tli® 
mm 4«er««tt94., Iliia d®er®ai« ts' th® mmm% &t booster used 
r«iiBS®a tfe# »eai«a t®«p@ira%«rei wnesteei ia tk# boite m a ir®s«it of th® 
®xoth®»l0 htat «sff tM© ctoapfs# Sine wtal was aMed to -W^e 
rsimetlon elutrf® 1» ftia»titi®s sitfft©ieot td pvoium alXoy® air-
eaalaa eoatalffllag S aai 15 p» ®«at siae# to aiditictt of aise rawtal 
i®»l|P©4 t® a tireeaiaa alloy oaitnlaiBg 10 p®r ©©»t aine 
ir«salt«i ia ft sltturp iterenkt© i» tii® yt@M ^ ®ir«soaiwi, 
illl«^s ^ sire^iw a»i aiae & r®ametioa «ith & 
s f^ttr lfedo@t«r x'etainea ao» tto« sid.far. this »ms »ot r®*0?ed 
inriiBf %%B weww bestting aai e»atinf •q»eratle»» fli« e«tent 
of ill® mB% siremitta wwiiatd as M.g^ as &m pm e«at» Th« »t«il 
was quit® imetil# bm there was »© appaa-ent ©ffeet m the phyaimi . 
fr€ip«rtl«# of slreffiBlm »t&l wMeli eeatalnsd silf«r# Sin©® no 
isf0M»tioa »»« m th® @ff«et ©f amlfw m tii# nmfrmlm 
l>y<^3fti»« &i sUcmimt this ptea® of the ©xperiwtatal work was 
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m ©alelw sitii® 
fli® eh«.«ical fwity df th» liire^lm wtal «as imfreroi wi'Mi ttoa 
mm th« p«eipita%®i anA atrsoaim t»%rafImsplie. Ammg 
ife® iapsrttles mm Bost ii#fi«lt td mm ©aife«, irm 
&W& ai%r^«a, fiwi mrhm eentasimtloa taA§lmt%i ftm that ps«s«Bt 
fmhU f II 
Pwilf «f llreatlw 
SlffttSttt Ili'Mit. 
m. 20*30 m 5-15 
B %a»3.3 li <10 
6a iq»m Si |0*100 
60 <10 fi 10-20 
Cr <10 m 15-25 
ea. 10-50 i 60-lf5 
F« 150-300 %m 5-40 
i , 3»-500 
In the rm&%im cli«rg@ s® lapraeitltB in yeasting »t®riais aM in 
the dol9»itie mMm lin»3p« fh« f®pMtti« ef eafbaoates. during th« 
int«rr«is tJtet -tti® doloaitle 'eaciie «s ®xp«©i t© the &ix was pratoably 
respmilbit tm tlh# wriatioM la tfce esrfe«wtt ®«tent aa a reowlt of 
ttorgftl i®e«^ositi« of «i«s® mrhmMtms. at the tiiB® of reftotlc^. 
Iroa mm pr^blj iatroAme®# a® « rtsalt ®f %'Ibb «iblii»tio» oi ioiiw 
frott th# eharg© late tlie llaer » to tli® boA ifalls- wh»i^ 
volatile i'oaia«« of iron w#re f©r»d* fariatifflas in the fnantlty of 
aitr<!^«» ppta^at ia girecaaittw »tal prs^meei hj b«M&i nwlhofi e,«il4 
ft€!t to® 8i0fi»^ly «xflaiit®i, 
woagfi df a«,l|-tieal wlwes repiMrtei for alreoniw »Btal is 
lBsM«d ift fable fll. P«rlfieatl«ai 'liai Mea afetaiaei by erystal* 
liz&tlc® of siresMigfl ^l^'Me, followsft toy ©owftrsioa to ankydrMJS 
zlreoiilm t#traflttoride ^ tb® preeifitatlcai dehydration proe®®#. 
fb# sire«i«* t»trsflm®rMe waa boib reim^ ia a sintered deioaitic 
axMrn liner, ft® all^ • M' ®ir««itta aai %iA& mm teated by iudttstioa 
in a vftena* to ITO d©gr«es centigrai# to i«a©w siac, wleita, »»§-
iE»8iwi aad other folatil# ii^«riti#s« 
SilieoB ©entmaiBatioa nas i»#r®its®i td aa airerug® iralw of 
parts pm adllion in ®lreoiii» la the r«dtteti«s la mhl^ the bertbi 
was liaei with & siat«rtd ealeiw «i4» ref»et»y liMr. Carbon 
eoBtaidi«tio® ms ®llgttly M^er to »t&l profiaced with a ealciw 
©xlde li»®r» 
fh® p^siMliti«s «f expaiidiBf tli® seale ©f tb« rednetioa proeess 
w®r® iawftipitei -with a boA *i® of fser inob di«i«ter pip® siM 
f©ttrt»®n isabes in leagtb* fb« b«Bb wm Iteea nith « Jolt-paetea 
liner t©lo®itle c^ii®. fb® eharg® eoal^ined th® smm reitetiv® 
pre^»tl«s of reftctittf materials m b*d b«en t»«d with the swaller 
boi&s. 700 gram of islremitia lastal ii®r« m&mmreA in 
©ash r@d:ttjeti®B» tli® yield wns to ^ p«r e«»t besawe iim 
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was eo«plet®d hj iehydratiag the nciidhydrat® in an atffi<^pher© of hg'dro* 
g«B fluorM©# fk& dehydration was »ie at 500 Aegrees eentigrai® 1» 
tim hmatB ttilsg nagnesitt«-linei Moael »®tal trays In a rtaetoJ* ec®-
straoted of loael »tal# this fltt«i?lde prodnet retalaed th© higjj 
purity ototalii®d In tbe alreca^l ©hlffipide erystallizaticiii# 
Zireo®i«» tet»flttorld© was also pr«|«rei by the action of h^ro-
gea flncrMe gas witb alreonitttt t©traehl»Me at 50 d«gr®€S ceatlgmd# 
in gwtpiiiti tr»ys ©aelostd In & copper e«tiiiner« Initios of ssire^^l 
ehlcrM,# at 250 d®gr®es o«iitigrade gaw'a aatertal whloh oo«ld b© 
treated witli ptseoas liydroge» flm«lde to fttml^ glroonltta tetoa» 
flttorM®. l&mmR stibllaRtioa at 7^»&00 dagraes eentigrai® of air* 
eoniua tttrafltiorid# aad# ly tfees® aetbods was & mmasmry purlflcatiiai 
step to r««ove aiclde md' other i^«iti«9» flli® sttbliwd. prcklttot was 
not conv®iil«atly obtained a@ p«re m zirsmiwrn tetrafluorlde fro* •toi® 
pr®elpltatlon and dehydration pr©e«S8. 
Th® zirc£»l» coi^oands were retaeed in a 8t#«l be®b lined witti 
a sint®r«d dolwaitie OKld® ormeibla, Sireoaiw® tetrafla^ide was th® 
ttost aatisfaet'Ory starting Material la th® r«dtt0ti<Mi with ealoitiffl. 
tte ttse of lodin# with oalei» In the redmotim oharg® iaitiatei th® 
raaeticm between siremlw tetraflaorlde aM caleima aad ®»fpli«d 
additlwsal h®at to fus# the r«aeti«» proiuets. Sulfw oottld be wsad 
in plae© of Icdia©, bat ec«pl©te r®«oml of stilfmr fr«B ttie zlrcmlwM 
pr<^iiet was not posslbl®, A& alleyljsg addlti<» of ztoe iwtal in th« 
r®diictl<»i charge d®op®a8®d th® Imtearaotioa with th® refractoiy lia@r, 
sine© 1®0S iodine er sulfur was n®mm&vf to f«#« the Iswer i»ltiia;g 
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af sirsoftiw aal ztn©. Hie rteowry of zirecmiw »t«l was 
«ore ©ffleisat wltli the «s® of excess ealcim. Bmetile sirooaltm 
ffiital was etotaintd wltb a rtdmetion dbarge e«ital»i»g 400 gra«9 of 
giro«lw« t«ts«flwldf, 40 graa® ziuc, '64 of ioiliw, aM 
223 gr&Mi  ^mlQltm, 
The mtwmtmry limv was piaoed ia th® steel bcwb and tills part 
©f th® as8®atoly w»i «vaeiMit®d aai Hll«i with argm th»« tl»®s* 
Th® redaction eharf® was thorou^lj taixed pa®k»d la the liner 
of the bo»b* After was .eappei th® r»aeti<i« wm initiated 
by h«ating th« boaftj asseibly i» a pis»firt4 fttmac®# fh@ refudtt® 
r#cowr®i was an all«^ of iireoalta mni aiac es«atai»i«ig 93-f5 per 
e@at of th® i!!ireo®i»a» fh® aireonium @«tent of the allc^ was 
about s5 p®r o®Bt bf ^#i^t., althou# this eotild b® intjreased hy 
l0ii®ring' the qmotity of zino iMlwi®# iu the redtastion .oharge, 
lad-tiotion heating of the alle^ in -wiemw reaoved a in®, caleim, aol 
other -rolatil# it^ writits, klthmgh umm inpia-ities were iHtrodiactd 
with th® other eMpsments of th# r®aocti©B eharg«, ziro<mia» wetal 
of hi# purity was ©btaiiMSd. practical as® of larger baibs with 
larg®r charges was 4esicHist»t®d« 
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